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THE SYNERGY OF THE SURFACE LAYER AFTER
CARBURIZING OF TOOL STEEL AS A MEASURE OF OPERATIONAL QUALITY
INTRODUCTION
The operational durability of the surface layer of tool 
steels continues to be of basic importance for process and 
of friction pair, or deriving from the environment, appear in 
particles torn out from one or both friction pairs bind perma-
optimizing the properties of the operational surface of tools. 
the best (for given operation conditions) interrelationship 
In technology, synergism occurs at all stages of the 
manufacture and operation of products, starting from the 
-
manufacturing parameters), material (chemical elements 
and their compounds), technological (compositions of 
In the paper the results of the investigation on surface layer of carburized X150CrMoV12-1 tool steel are pre-
sented. Abrasive wearing of the surface was determined according the ASTM G77-98 method. The microstructure 
of the matrix and distribution of carbides were observed in a Scanning Electron Microscope (SEM). A correlation 
between the investigated parameters (microstructure/carbides distribution) was found. 
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-
aerologic systems manufacture and operation technolo-
gies) and constructional (compositions of different con-
From among many technologies forming the aerologic 
and the most commonly used technology is carburization. 
are increasingly often submitted to carburizing. During 
the process of carburizing high-carbon steels, dispersion 
-
during subsequent tempering. The carbide phase is not a 
homogeneous phase, either in terms of chemical composi-
metallic matrix, of tempered martensite, this phase forms 
quality of the aerologic system.
TESTING RESULTS
operation under the conditions of dry friction.
The great popularity, enjoyed, has made it one of 
the basic ledeburitic steels for tests aimed to modify the 
surface layer. The chemical composition of the steel is 
given in Table 1.
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=0,22, and
- tempering: T1 2  = 
7,2 ks.
The surface layers, obtained as a result of carburization, 
Hardness is the resultant feature of the dispersion and 
size of carbides and the degree of matrix supersaturation. 
inhomogeneity of the steels 
(the presence of large lede-
buritic carbides), the obtained 
microhardness. The micro-
-
tomatic microhardness tester, 
type FM-7, supplied by Future 
Technology Corp. The results 
Specimens prepared of this steel had in the initial state 
-
persion and spheroidization of dispersion carbides. The 
stages:
- heating: T
- austenitizing and carburizing: T
METALURGIJA 46 (2007) 4, 255-260 257
Z. WENCEL et al.: THE SYNERGY OF THE SURFACE LAYER AFTER CARBURIZING OF TOOL STEEL AS A ...
The  mi-
crohardness 
is a resultant 
of the size, 
d i s p e r s i o n 
and shape of 
carbides and 
the degree of 
matrix over 
saturation. For 
the comprehensive determination 
carbide phase and the metallic 
-
ted to individual tests. The testing 
establishing their kind (chemical 
composition and type) and deter-
mining their size and shape. 
The qualitative estimation of 
-
ysis and electron diffraction. The 
that the carbides contain primarily of Cr, Fe and Mo. 
The results of the electron diffraction-based qualitative 
tests on are presented in Figure 5.
The performed analysis of extraction carbon replicas 
and the morphology of dispersion carbide particles precipi-
tated during the tempering. The results of the examination 
During the thermal and thermochemical treatments, 
dispersion carbide particles undergo 
changes in size and shape. In the initial 
state the steel taken for testing differed 
in the extent of carbides dispersion. In 
order to determine the effect of ther-
mochemical treatment on the change of 
size of the dispersion carbide particles, 
their plane section area and shape factor 
the change of size of carbide particles, 
ranges of plane section area: AA 0.05 
2 and AA
2. The results are 
given in Table 2.
The shape factor, AA, for carbide 
percentage of similarity to the shape 
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of a circle. The results of shape factor examination are 
The change in the chemical composition and type of 
carbide particles is due to of both the conditions of ther-
mochemical treatment and chemical composition of the 
over saturated matrix. In order to determine the changes 
in chemical composition of the matrix resulting from the 
content of austenite, as a function of the distance from the 
The tempering of the previ-
ously carburized tool steel, in 
addition to the precipitation 
-
sion carbide phase, causes the 
transformation of martensite 
and change of it tetragonal 
structure. The results of ex-
amination of the change in 
the lattice constant parameter 
and the tetragonal structure 
of martensite as a function 
of tempering temperature are 
given in Table 4.
resistance, increasing thereby the quality of manufactured 
tools.
In order to verify the quality of the performed treatment, 
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specimens after thermal and thermochemical treatments. 
-
(Figure 11.).
ANALYSIS OF THE TESTING RESULTS
tool steel introduces substantial changes to the surface 
layer as a result of changes of the carbide phase and the 
matrix. The carbide phase is responsible for the proper-
that after carburizing the main carbides present in the 
structure are of M C and M7C
Mo in their composition. The performed tempering causes 
carbides of M C, M7C , M C6 types to precipitate from the 
M C6 type occurring only after tempering at a temperature 
the average plane section of dispersion carbides increased 
tempering temperature on the spheroidization of carbides 
The matrix in successive stages of thermochemical treat-
ment is a complex of austenite, martensite and tempered 
martensite. The measurements of carbon content in the 
surface layer, as dependent on the initial microstructure, 
1 did not only cause the precipitation of carbides, but also 
the transformation of the matrix. The measurements of the 
lattice constant of martensite and its tetragonality, as given in 
of the degree of martensite tetragonality.
abrasion resistance tests made it possible to determine the 
-
ties as the result of the synergic 
effect of the carbide phase and 
the metallic matrix.
of specimens tempered at tem-
K are very similar (Figures 
11.a, b). In both cases, parallel 
grooves has formed over the 
groove bottoms of the specimen 
abraded material products oc-
-
as a result of cutting-grooving (Figure 11.c) - the main 
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CONCLUSIONS
results in the formation of a heterophase system in the 
determine the operational properties of the surface 
layer.
being torn out from the high-hardness matrix. 
greater relative volume of the spheroid-shaped carbide 
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